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NATTONAT. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF THE AERODYNAMIC CHARACTERISTICS OF THE
NACA RM-10 MISSILE (WITH FINS) AT A MACH NUMBER OF 1.62
IN THE ILANGLEY 9-INCH SUPERSONIC TUNNEL

By Donald E. Coletti
SUMMARY

An investigation has been made of a fin-stabilized 0.050-scale
model of the NACA RM-10 missile at a Mach number of 1.62 and a Reynolds

number of 2.66 x 106, Measurements were made of the 1ift, drag, and
pitching moment of the finned body over an angle-of-attack range of +5°.
Comparisons are made with results obtained from other test facllities,

The results show that changing the Reynolds number from 2.66 X lO6

(the value used in the present investigation) to 29.2 X 106 (the value
reported in NACA FM ES0D28) has negligible effect upon the 1lift, pitching
moment, and center-of-pressure position. The values of the various drag
camponents of this Investigation are in good agreement with those pre-
sented in NACA REM E50D28 and NACA RM L52A1L4 when proper consideration is
given to the differences of Reynolds number. Increasing the ratio of
sting-shield diameter to base dlameter decreased the lift-curve slope,
gave a less negative pltching-moment-curve slope, and decreased the

fore drag at zero 1ift.

INTRODUCTION

As a part of & coordinated research program to evaluste scale
effects at supersonic speeds, tests are being conducted at various
NACA flight and wind-tunnel facilities on a slender parsbolic body of
revolution (with and without fins), designated as the NACA RM-10 missile.
Results thus far obtalned cover a wlde range of model scale and Reynolds
number within a Mach number range from approximately 1.5 to 3.5 (refs. 1
to 11). In general, correlation has been confined to the drag coeffi-~
cient at zero 1lift.
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The purpose of the tests reported in the present peper was to extend -~
the investigation in the lLangley 9-inch supersonic tumnel of the zero-
1ift drag components of the NACA RM-10 body &lone (ref. 11) to include
the effects of the fins on & 0.050-scale model, and to determine the lift
drag, and pitching moment of the finned body over an angle-of-attack
range of £5°. The effects upon the aerodynamic characteristics of
varying the ratio of sting-shield diameter to base dilameter were also
investigated. The tests were conducted at a Mach number of 1.62 and a

Reynolds number of 2.66 X 106. . - T ;-_Efé
SYMBOLS S : : o
A meximun cross-sectlon area of body =
Ay wetted area of body forward of fin-body Juncture
Aw wetted ares of body alone (surface area forward of base) .
a angle of attack of model : . - LT
Cy, 1ift coefficient, Lift/gA . . "_
Cp drag coefficient, Drag/qh o - 2
Cn pitching-moment coefficient about the statlion of meximum body ___;
diameter, Moment/qAL _ _ L
CLa = gEL at Cp =0 ' B o ;_i
dy, base diameter : o — ST =
dnax maximum body diameter
dg sting-shield diameter at model base = o T
L length of body " . ’ T B
1 distance from model nose to fin-body juncture |
M Mach number '
g dynamic pressuré, .AE

’“\E%
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p stream density

r radius of hody at an axial location

R Reynolds number, pVL/u

Ry Reynolds number based on distance 1 to fin-body juncture,
V2/u

v Pree-stream velocity

X axisl distence from model.nose

V4 ratio of specific heats of air

e cone angle of sting shield

13 coefficlent of viscosity

Drag-coefficient subscripts:

B base drag

F fore drag (Total drag - Base drag)
f skin-friction dfag

T total drag

W drag of four fins

w drag increment per fin

APPARATUS AND TESTS

Tunnel

The Iangley 9-inch supersonic tunnel is a continuous-operation,
closed-circult type in which the pressure, temperature, and humidity of
the enclosed air can be regulated. Different test Mach numbers are
provided by interchangeable nozzle blocks which form test sections
approximately 9 inches square. Eleven fine-mesh turbulence-damping
screens are installed in the relatively large-area settling chamber
ahead of the supersonic nozzle. Measurements of the longitudinal
(stream direction) component of turbulence along the center line in the
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entrance cone of the tumnel have indicated a root-mean-square value of
approximately 0.1k percent (ref. 11). A schlieren optical system is -
provided for qualitative flow observetions. - . - -

Model

EN iz Emmr -

A drawing of the 0.050-8cele NACA RM-10 model, giving the pertinent
dimensions, is shown in figure 1. The body has a parabolic-arc profile
with a basic fineness, ratio of 15. To. facilitate rocket-motor instal-
lation in the free-flight missile, the rearward portion of the baslc
profile wag removed, thus giving an actual fineness ratio of 12.2. Four
stabilizing fins are attached 90° apart at the rear of the body. These
fins have a 60° sweptback leading edge, ® taper ratio of 1.0, and a
10-percent~thick circular-arc section normal to the leading edge.

Balance

The 1ift, drag, and pitching moment of the missile were measured
by means of the tunnel's external self-balercing beam scales. The -
.model was sting-mounted to the balance system and a sting shield extended
up to the base of the model with & gap of approximately O. 00k inch
This sting shield was sealed to the balance housing by means of a rubber
boot. For a more detalled description of the shield in relation to the
body, see reference 1z,

Tests, General _ . . e

Tests were conducted at a Mach number of 1.62 and & Reynolds num-

ber of 2.66 x 108 based on the body length. Measurements were made of-
1ift, drag, and pitching moment about the station of maximum body diam-
eter for an angle-of-attack range of *5°. Base-pressiife measurements
were obtailned by the use of orifices located at the model base and in '
the balance housing. The values of base pressure at o = 0° in this
investigatlon are representative of free-flight base pressures (no sting)
only when the effects due to the ratio of sting-shield dismeter to base
diameter are negligible. Because of the method of mounting the model
and the unsymmetricel flow conditions at angles of attack not equal to
00, the measured base pressure was not representative o of flight base
pressures. ‘Therefore, the base pressures at « % 00 were used only to-
obtain tare forces for evaluating missile fore drag (Total drag - Base
drag

The effect of support interference on the aerodynamic characteristics

of the missile was investigated by mesns of three sting shields of varying

WM
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dismeters. Theilr geometric parameters are given in figure 1. The tests.
involving the two larger shields- were made at various angles of attack,

whereas the tests with the smallest shield were made only at an angle of

attack of 0° because of the stnuctural limitation of the model sting.
The angle of attack was indicated by an optical system in conjunction
with a smell mirror mounted.flush near the base of the body. The fins
of the missile were inclined 45° to the plane of angle of attack.

Throughout the tests, the dew point was maintained below -20° F
where condensation effects are negligible,

CORRECTIONS AND ACCURACY

The accuracy of the free-stream Mach number is +0.0l and represents
8 maximum variation about a mean Mach number throughout the test section.
Correctionsg have been applied to the drag of the model &t an angle of
attack of 0° to account for the static-pressure variation along the tun-
nel center line. The same corrections were applied to the model at
angles of attack., It is reallzed that the applications at « # 00 are
not strictly correct; however, the actual displacement of the model
(from the tunnel center line) in traversing through its range of angles
is small.

At a # 0°, the pressure at the model base was held approximately
at free-stream static pressure by adjusting the pressure in the balance
housing and, therefore, in the sting shield. The maximum deviation
from this free stream static pressure gave an error of +0.0005 in CDF

This inaccuracy is a part of the total uncertainty. At a« =09, a
representative base pressure was obtained by varying the pressure in
the balance housing so as to obtain a value of base pressure that corre-
sponds to a condition of essentially no alr flow through the sting
shield.

The estimated acCur§cies of other test varisbles and the various
coefficlents are given helow:

Reynolds NUIDETs « o« « o « o o o o o o o o « o « o o« o« . %0.05 x 106
Initial angle of attacke o v ¢ ¢ « o ¢ s o o o« o « o o o & 10.040
Relative angle of attack + & v ¢« ¢ o ¢ ¢ s o ¢« o o « « o & - £0.01°
Lift coefficient . . . . © o 8 & s 8 & 8 e & 4 e s o e » 10,0028
Pitching-moment coefficient e s e e 6 5 s s & e s 4 e = s +0.0022
Fore drag coefficlent. . . . . ¢« ¢ ¢ ¢ v v ¢ ¢ ¢ o o « & & ~10.0050
Base drag coefficlent. « « ¢« ¢« ¢ ¢ ¢« ¢« ¢« ¢ ¢ v e e e e o0 +0.0010
Total drag coefficient . + « v & o o o « « o o o s ¢ o o &« 10.0055

- —erdkl o e -
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FRESENTATION AND DISCUSSION OF RESULTS -

Variations Due.to Angle of Attack

Lift, drag, and pitching moment.- The results of the measurements - =~

of the 1ift fore drag, and pitching—moment coefficients, at angles of

attack, of the fln-stabilized NACA RM~10 missile with two different ’i

sting shields are given in figures 2 and 3. The difference between the
results for the two sting shields is the greater nonlinearity in the
lift and pitching-moment coefficient curves at 2% angle of attack for.

d.
the configuration tested with the larger sting shield ES = 0.95). The

larger sting shield also gives a slightly less positive lift-<curve slope
at zero lift and & slightly less negative pitching—momenthcurve slope. B
Alsc, the absolute value of the fore drag at any angle of attack is less
for the larger sting shield. All of these differences mey be attributed
to the presence of the larger &ting shield which creates higher pres-
sures in the separated region over the lee side of the afterbody.

Center of pressure.- The variation of center-of-pressure position
with angle of attack 1s shown in figure 4, The position is seen to be
esgentlally constant for the higher angles of sttack and is located at—
10.4 body dismeters behind the nose of the missile, These results are
in good agreement with the data obtained 'from tests of a 0. 050-scale
model at.the Lewls 8- by 6-foot supersonic tunnel (ref, 2) at a Reynolds

number of 29,2 X lO6 alsc shown in the figure. The location of the
center of pressure obtained from tests of an 0.08-scale model at the
Ames 1- by 3-foot supersonic tunnel (ref. 7) at a Mach number of 1.98

and Reynolds numbers of 8.6 x 100 and 17.4 x 106 is 10.3 diameters’
from the nose for all angles of attack, a value which is also in good
agreement with the present results. Based on the results obtained in
these three test facilities, there appears to be little or no effect
upon the center-of-pressure position from Reynolds number or Mach num-
ber within the range of these investigations.

Comparisons of Lift, Drag, &nd Pitching
Morent With Those From Other Facilitiles

Lift-and pitching moment.- A comparison of the 1ift and pltching-
monent coefficients of the present- investigatlon with the results
obtained in reference 2 is shown in figure 5. _The results from ref-
erence 2 (Lewis 8- by 6-foot supersonic tunnel) were obteined at a

Reynolds number of approximately 29,2 X 106 and at Mach numbers of 1.49,

b

|
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1.59, 1.78, and 1.98. Inssmich as the Reynolds number difference
between the two investigations is large, the comparisons may be first-
order only, because the flow over one model is essentially laminar
while that over the other is for the most part turbulent. Nevertheless,
the 1lift and pitching-moment data of the two facilitles are in fair
agreement. '

It should be pointed out that whereas the results of the present
investigation were obtained with the fins of the missile rolled 450 to
the plane of angle of attack (fig. 1), the fins of the missile in ref-
erence 2 were parallel and normal to the plane of angle of attack.
Spreiter has shown in reference 13 that linear theory predicts thet the
1ift and pitching moment will be independent of the angle of roll at
small angles of attack. This is verified by results presented in ref-
erences 14 and 15.for different wing plan forms and roll angles. It is
further shown in these two references that the drag 1s also Iindependent -
of roll angle of the fins. - -

Drag.- A comparison of the fore drag coefficients of the various
missile components at angles of eattack with results from other facili-
ties is shown in figure 6. The difference in the fore-drag results of
the fin-body combination, at the smaller angles of attack, obtained in
this investigation from that obtained in the Lewls 8- by 6-foot super- -
sonic tumnel (ref. 2) is due primarily to the large difference in
Reynolds number. The model tested in the present investigation has
essentlally laminar flow over the body upstream of the fins, whereas
the model tested in the 8- by 6-foot supersonic tunnel has mostly tur-
bulent flow, which results in considerably different skin-friction
drags. Examples of the effects of Reynolds number on skin-friction
drag for the EM-10 body may be seen in figure 18 of reference 11 or
figure 8 of reference 9. T

To obtain the drag of the four fins at angles of attack, it was -
necessary to resort to an indirect method since no eangle-of-attack
results were obtained with the body alone. The results of tests of
a 0.29-scale model of the body alone in reference 8 (Langley 4- by
k_foot supersonic tunnel) were obtained at test conditions similar to
those of the present investigation. As seen from figure 6, the value
at 00 angle of attack is.in fair agreement with that obtained in ref-
erence 11. The difference between the two values 1s perhaps due to
the small variations in Mech number and Reynolds number of the two
facilities. .By assuming this difference to be constant over the range
of angles investigated, values of fore drag were obtained for the body
alone by adding this difference to the results from reference 8. It is
realized that these values may not be strictly correct, but in view of
the foregoing discussion they appear Justifiable for the purpose of -
obtaining trends and orders of magnitude., The body-alone values thus S —
obtained were then subtracted from the results for the fin-body T




--_z.-llu'mm-.'um NACA RM L52J23a

combination; at their respective angles of attack, to.obtain the drag
of the four fins. These values are shown in the right-hand portion of
figure 6 and are compared with the results from reféerence 2. It should
be pointed out that the drag coefficient of the four fins not only
includes the pressure and skin-friction drags of the fins but also the
interference between.the fins plus the interference between the fins

and body.” In comparing the results obtained in the two facilities, 1t =

" 1z seen that the drag of the fins obtained from the present investiga-~
tion 1is slightly lower at angles of attack of O2 and 1© than the corre-
sponding drags from reference 2, whereas the situation is reversed at
angles above 1°, These differences may ggain be attributed mainly to
the large difference in Reynolds- number, - - '

Effect of Variable Ratios of Stlng-Shield Diameter to
Bage Diameter on the Drag Coefficients .

The variation of the drag coefficients with different ratios of . .
sting-shield dlameter to base dismeter ds/db at 00 anglé of attack is

shown in figure 7.

Total drag.- The values obtained for the total drag &f the fin-
body combination in the present investigation with the two different

sting-shileld diameters %ﬂ = 0.k49 and'O.TE) are very nearly the same.

)

No values of total drag and base drag were obtained for the missile with

the ratio of %i = 0.99, since the pressure at the model ﬁase was main-
b . .. o

tained at approximately free-streem static pressure. A couparison of

these values of total drag for the fin-body combination with the value

obtalned from reference 8 shows very good agreeiient. The value obtalned
from reference 2 is considerably higher than these results, primarily
because of the greater extent of turbulent boundary layer at the higher
test Reynolds number. The same comparisons may be applied to the body-
alone results cbtained from references 2; 8, and 11.

Base drag.- The two base-drag results for the fin-body combination .

obtained in the present investigetion are essentially independent of
ds/db. Comparison of these results with.those obtained in references 2
and 8 shows them to be in very good agreement, This agreement is due,
in all probability, to the fin-body Juncture, which causes transition
from & laminar to a turbulent boundary layer over the rear.portion of
the body. As shown in reference 11, when the flow is turbulent the
base drag is very nearly constant, regardless of Reynolds humber. The

body-alone result obtained from reference 2 agrees very closely with the

o
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. value for the fin-body combinatlon. This agreement and that shown in the
preceding comparison indicate that in this Mach number range the effects
of the fins upon the base pressure are for the most part eliminated when

the Reyholds number exceeds that for natural transition on the body alone,__' N

this Reynolds number was shown In reference 11 to be near 9 X 105 at a
Mach number of 1.62. The base-drag values of the body alone cbtained

from references 8 and 11 are in excellent agreement regardless of the

different ratios of dg/dp. i

Fore drag.- As shown in figure 7, varying the ratios of dg/dy
from 0.49 to 0.72 hes no effect on the fore drag of the fin-body combi-
nation in the present investigation. However, when ds/db is equal to
0.99 the value of fore drag is reduced approximately 10 percent. Recent
schlieren photographs, obtained in the 9-inch supersonic tumnel, of a
fin-stabilized parabolic body of revolution with verylng ratios of .
dg/dy, (ref. 16) show that when the sting-shield dismeter is considerably
less than the base diameter, the flow is allowed to continue its expean- .
sion beyond.the base of the model before reaching the sting. At this
point, the flow must turn through an angle to be parallel to the sting,
consequently producing e trailing shock. When the ratio of ds/db is
increased to 0.99, the shock moves forward to the base of the model. The
presence of the trailing shock at -the model base causes separation for- .
ward of the base and allows the higher-~-pressure air behind the shock to
flow forward into the dead-air reglon and boundary layer, thus reducing
the over-all fore drag.

The solid line on figure T represents & theoretical estimate of the
fore drag of the fin-body combilnation at a Mach number of 1.62 and a

Reynolds number of 2.66 X 106. This theoretical fore-drag estimate is
the summation of the pressure drag of the body alone, the skin-friction
drag of the body alone, the fin pressure drag, and the fin skin-friction

drag. No calculations were made of interference arising between the fins

and body. The equations used in the calculation of the body fore drag
were based on the concluslons reached in reference 1ll, which states-that
the method of Lighthill (ref. 17) and the method of Jones and Margolis
(ref. 18) gave a fair prediction of the pressure drag, that the Blasius
incompressible theory gave a 'satisfactory prediction of the laminar skin-
friction drag, and that the Frankl-Voishel extended theory (ref. 19) gave
a reasonable prediction of the turbulent skin-friction drag. The theo-
retical pressure drag used in the calculation of the fore drag of the
fin-body combination has therefore been taken as the average of the .
results obtained by the method of Lighthill and the method of Jones and
Margolis. The skin-frictlon drag of the body alone was obtained by
assuming that the flow over the body forward of the fin-body Juncture
was laminar and that behind this juncture the flow was- turbulent. The .
Blasius incompressible theory for laminar skin-friction drag and the
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Frankl-Voishel extended theory for turbulent skin-friction drag were
combined to obtain the total skin-friction drag of the body in the fol-
lowing equation: _ . . o

o - 1.3284; . o.07k ( 1 0467 Ay - & (1)
Dr = {——- A afi 142 > 1 N2 A

The pressure drag of the fins was computed by the method of reference 20,

snd the fin skin-frictlon drag was computed by the Blasius incompressi-
ble theory for laminsr flow. This estimate of the fore drag of the fin-
body combimation 1s in fair agreement with the results obtained in the
present investigation.

The value of fore drag for the fin-body combination obtained from
reference 8 1s in excellent agreement with the results of this investi-
gation. However, the value obtalned from reference 2 is considerably
higher than these results because of the higher gkin-friction drag
resulting from the greater regions of turbulent boundary layer. The
fore-drag results obtained from references 2, 8, and 11 for the body
alone indicate the same trends as the fore-drag resulte for -the fin-
body combination. The dashed line on figure 7 represents the extra-
polated experimental fore drag of the body alone at a Mach number of

1.62 and a Reynolds huiber of 30 X 106, obtained from reference 1l.

This drag value 1s in fair agreement wlth that obtalned from reference 2.

Drag per fin,- In figure 7 all of the drag-per-fin results
obtained in the present investigation and those from references 2 and 8
are in excellent agreement regardless of the different velues of dg/dp.

The values of fore drag for the fing in this investigation were obtained
as the difference between the fore drag of the fin-body combination and
that of the body alone. Also shown on this figure 1s a theoretical drag
estimate for one fin at= Mach number of 1.62 and a Reynolds number of

2.66 x 106,  The equations used in this computation were the same as
those used in obtaining the theoretical fore drag of the fin-body com-
bination. It should agaln be pointed out that the experimental results
include any interference arising between the fins and body, while the ~
theoretical estimate of fin drag includes only the summation of the
pressure. drag and laminar skin-friction drag. This prediction of drag
per £in is in excellent agreement with the experimental results.

CONCLUSIONS

An investigation hes been masde in the Langley 9-inch su@ersdhic
tunnel of e fin-stabllized 0.050-scalé model of the NACA RM-10 missile

G
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at a Mach number of 1.62 and a Reynolds mumber of 2.66 X 106. Measure-
ments were made of the 11ft, drag, and piiching moment over an angle-of-
attack range of £5°, and comparisons were made with similar results
obtained in other test facilities. The effect of varying the ratio of
sting-shield dlameter to base dilameter on the aerodynamic characteris-
tics was also investigated. The following conclusions are indicated.

1. Comparison of the results of .this investigatlion with results
presented in NACA RM E50D28 (0.50-scale model) shows that chenging the_

Reynolds number from 2.66 X 106 t0.29.2 X 106 has no appreciable effect
on the values of the lift and pitching-moment coefficients.

2. The center-of-pressure poslition is essentially constant over the
angle-of-attack range of this investigation. A comparison of the present
results with those reported in NACA RM E50D28 (0.50-scale model) and
NACA RM A51G1l3 (0.08-scale model) indicates that little or no change of
position due to model scale occurs within the Mach number and Reynolds.
number range of these investigations. . B

3. With proper consideration of Reynolds number, there is good
agreement of the various drag components (total, base, and fore drag of
the complete confliguration and the drag per fins with the results
reported in NACA RM E50D28 (0.50-scale model) and NACA RM L52A1k
(0.29-scale model) at O° angle of attack. ‘

4, Increasing the ratio of sting-shield diameter to base dlemeter
decreased the lift-curve slope, gave a less negative pitching-mcoment-
curve slope, and decreased the fore drag at zero 1lift,

Langley Aeronautical Isboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va. '
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Figure 1.- Drawing of 0.050-scale model of NACA RM-10 missile. A1l linear

dimensions are in Inches.
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Figure 2.- Aerodynemic characteristics of the fin-stabilized NACA RM-10
missile with the ratio of sting-shield diameter to base diameter of

0.72 at a Mach number of 1.62 &nd a Reynolds num'ber ‘of 2 66 x 10°.
Flagged symbols denote check values.
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Aerodynamic characteristics of the fin-stabllized NACA RM-10
with the ratio of sting-shield diameter to base diameter of

a Mach number of 1.62 and a Reynolds number of 2.66 X 106,
symbols denote check values.
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